Data from 10 sampling sites along the River Njoro are used to examine the contribution of nutrients from upstream land uses draining each of the sampling sites. The data also are used to assess whether both the proportion of land uses and the size of the subwatersheds account for the variability in water quality in the River Njoro watershed. Geographical Information System analysis was used to determine the spatial distribution of land-cover types and subwatersheds contributing run-off to the sampling sites in the River Njoro. Standard Digital Elevation Model-based routines were used to establish the watershed area contributing run-off to each sampling site. Water and sediment samples were collected for chemical analysis, and the nutrient levels were related to the upstream land-use types and the size of the subwatersheds. The mid-stream portion of the River Njoro (near Egerton University) accounts for the highest nutrient contributions. The percentage contribution is magnified by additions from industrial, human settlements and agricultural land uses around the University. There is a significant decrease in nutrient levels downstream, however, indicating natural purification as the river flows through an area of large-scale farming with intense, well-preserved riparian and in-stream vegetation. Steep slopes of the land upstream of Egerton University enhance erosion and nutrient losses from those subwatersheds. Mixed small-scale agricultural and bare lands contribute over 55% of the phosphorus load to the upper and mid-reaches of the River Njoro. The size of the subwatershed accounts for about 53% of the variability in the soluble phosphorus in the river. The land-use subwatershed proportions are important for characterizing and modelling water quality in the River Njoro watershed. Upland land uses are as important as near-stream land uses. We suggest that conser vation of intact riparian corridor along the river and its tributaries contributes significantly to natural purification processes and recovery of the ecological integrity of the River Njoro ecosystem.
INTRODUCTION
Human-induced disturbances resulting from land-use activities have the greatest potential for introducing enduring changes to the ecological structure and functions of watersheds. Over the years, numerous factors have contributed to the degradation of water resources within the River Njoro watershed. A high population growth rate and associated land-use changes have placed high demands on the watershed resources, thereby upsetting its environmental stability (Karanja et al. 1986) , and this situation has impacted negatively on the ecological integrity and hydrological processes in the River Njoro watershed (Chemilil 1995; Bretschko 1995; Mathooko 2001; Shivoga 2001) .
The sprawl patterns of human settlements and land-use changes have been implicated as the primary causes of the deteriorating health of the River Njoro watershed. Little is known, however, about the quantitative influences of specific land-use patterns on the water quality of River Njoro. Landcover classification, using Landsat images (Baldyga et al. 2004) , indicates a loss of about 20% of both indigenous and plantation forests between 1986 and 2003 in the upper River Njoro watershed. There also was a 6% reduction in areas of large-scale farms. The conversion of forested and large-scale farm areas has been accompanied by increase in small-scale mixed agriculture and human settlements.
River Njoro is the main freshwater source to Lake Nakuru, a shallow, hyper-eutrophic, alkaline-saline endorheic lake in the Eastern Rift Valley of Kenya. The lake is a Ramsar site, being famous for its spectacular bird life, particularly the lesser flamingos (Phoeniconaias minor), greater flamingos (Phoenicopterus ruber), and great white pelicans (Pelecanus onocrotalus roseus). As a simplified, discrete and productive ecosystem, Lake Nakuru is very suitable for ecosystem research in the region.
This paper discusses the relationship between the upstream proportion of land-use types and riparian buffer zones to nutrient concentrations and supply to downstream reaches of the river. It also discusses the relationship between the proportion of land uses and the size of delineated subwatersheds (an area of land draining to a specific sampling site in the river) and the water quality in the upper and mid-streams of the River Njoro watershed. The findings indicate that near-stream riparian zones reduce nutrients and sediment influxes into the River Njoro channel, providing a natural purification and recovery of the ecological integrity of the downstream river ecosystem. It is concluded therefore that land use near the stream accounts for the variability in water quality more than land use in the entire River Njoro watershed.
METHODS

Study area
The River Njoro watershed (Fig. 1) Njoro is about 50 km in length, with its source being ≈ 3000 m a.s.l., and the mouth at Lake Nakuru at 1759 m a.s.l. The river drains forested and highly populated agricultural lands before flowing through the towns of Njoro and Nakuru. The lake is enclosed within the Lake Nakuru National Park, which is famous around the world for its large populations of flamingos. The River Njoro is structured 
Methods
Ten sampling sites were selected to represent combinations of natural and human factors that collectively can influence the physical, chemical and biological characteristics of the water quality in the upper and mid-reaches of the River Njoro watershed. The sampling sites for water quality assessment were established along the river on the basis of land uses in the upper and mid-stretches of the watershed. Routine monthly sampling was carried out at each sampling site to collect water samples for chemical analysis of nutrients (phosphorus, nitrogen and carbon).
These chemical analyses were carried out according to the standard procedures outlined by APHA (1992) .
Three Landsat TM and one Landsat TM + scenes were selected for this study. Table 1 lists sensors and acquisition dates for these four images. The selected images correspond by year with census dates, for eventual correlation between land-cover changes and human migration and population increases. Topographical contour maps (Government of Kenya 1974) were acquired and digitized to create a 50-m Digital Elevation Model using ARCINFO. This resolution allows Automated Geospatial Watershed Assessment (AGWA), to produce a suitable delineation of the watershed and subwatersheds for each sampling site. The subwatersheds represent the areas of land draining to each of the sampling sites in the river.
To detect land-use changes between 1986 and 2003, six land-use classes (mixed small-scale agriculture; large-scale agriculture; plantation forest; indigenous forest; grassland; and bare ground) were identified and used in this study. An unsupervised classification, using the Iterative SelfOrganizing data Analysis Technique, was performed on the Landsat imageries, separating out 50 spectral clusters. Data clusters were then assigned to one of the six land-use classes. ArcView extension of AGWA Tool (version 1.32) was used to 'delineate' the 10 subwatersheds, based on natural topographical features to define the watershed boundary for each sampling site. The sampling sites were used to delineate the subwatersheds, with each subwatershed containing a single hydrological outlet (sometimes called a 'pour point'). The value of using this unconventional view of the landscape is that the cumulative effects of landscape condition on water quality can be assessed, thereby increasing the predictive power of any determined relationships between land cover and water quality parameters (Lopez & Nash 2006) .
RESULTS AND DISCUSSION
Land cover Figure 3 illustrates the size and proportions of different land-cover types in the upper and mid-reaches of the River Njoro watershed that contribute run-off to sampling sites. As noted above, the study area is characterized by six landcover classes, including (i) indigenous forest; (ii) plantation forest; (iii) grassland; (iv) large-scale agriculture; (v) mixed small-scale agriculture; and (vi) bare land. There is a significant increase in the percentage of the area covered by mixed small-scale agriculture and bare land downstream from the uppermost sampled site (Logoman) to the lower sites around Egerton University. In contrast, there is an overall decrease in the downstream land-cover area of grasslands, large-scale agriculture, and indigenous forest from the uppermost site of the watershed. The changes in land-cover change within River Njoro watershed from 1986 to 2003 are presented in Figure 4 , while the overall changes in land cover between 1986 and 2003 are shown in Table 2 . There is an overall increase of 26% in mixed small-scale agriculture and grassland in the upper and mid-reaches of the River Njoro watershed between 1986 and 2003. This corresponds to a similar percentage decrease in large-scale agriculture, plantation and indigenous forest during the same period. It is evident that large-scale farms and forested lands are being converted to mixed small-scale farms and human settlement in the watershed. The trend in forest loss is analogous to historical changes in the Mau Forest Complex. The larger Mau Forest Complex has undergone significant losses throughout its extent (Kenya Forest Working Group 2001). The main conservation problem facing Mau is similar to that facing many Kenyan forests; namely, increasing pressures on productive land from an expanding population. Baldyga et al. (2004) reported rapid plantation forest losses between 2000 and 2003 in the uppermost regions of the watershed. By 2003, the majority of plantation forests were converted to small-scale agriculture, accompanied with a large net loss in large-scale agricultural systems (Fig. 3) .
The increased area covered by mixed small-scale agriculture could be the result of increased human population in the area, and the extension of tillable land towards the forest reser ves and the stream edge by small-holder farmers. Over the years, land under forest (plantation and indigenous) and large-scale farms have been converted to mixed small-scale agriculture and settlements in the River Njoro watershed, resulting in hydrological changes in terms of annual run-off in the watershed (Table 3) . There is an increased run-off volume during the rainy season, and a decreased run-off during the dry season. The middle and lowland stretches of the River Njoro are intermittent, flowing only sporadically following heavy rainfall events (Shivoga 2001) . The flow regimes range from spates or peak flows during the rainy season, through to zero flow when the river effectively becomes a series of stagnant pools. This is followed by dryness when the surface water disappears completely, with the channel becoming dried out and sun-baked during the dry season. We hypothesize that this is the result of land-cover changes in the River Njoro watershed from the early 1990s, resulting in a loss of infiltration and water storage in the upper watershed, increased flashiness of the river with large water volumes flowing in a short duration, and downstream losses in water resources. Furthermore, the rapid increase in human population and associated agricultural and settlement activities in the early 1990s, have resulted in augmented water abstractions from the river, as well as massive inputs of sediments into the river (Mathooko 2001; Shivoga 2001 ). This has resulted in intensified water scarcity in the area, especially annually during the dry season (November to March).
Spatial changes in nutrient levels
There were significant differences in the concentration of phosphates, nitrates and organic matter (total organic carbon) (one-way ANOVA at P < 0.05) among all the sampling sites in the River Njoro. Figure 5(a-c) illustrates the percentage contributions of nutrients from upstream land uses to downstream sampling sites during the study. The pattern 1986-1989 1989-2000 2000-2003 Change in annual run-off -0.85 +31.34 +108.11
significantly to the nutrient load to the river. Detergents used for washing and cleaning in the river, homes, institutions and industries are a major phosphorus source to the river. The phosphorus enters the river through sewage inlets and non-point sources (e.g. washing sites along the river). The steep slope of the land upstream and around Egerton University (Fig. 2) enhances erosion and nutrient losses from the subwatershed. Similar observations were reported by Tiessen (1995) , who observed that greater slopes and a greater density of stream networks in a watershed increase erosion and phosphorus losses from the river's drainage.
The contribution of organic matter from land upstream of the Sigotik sampling site is low, compared to the concentrations recorded at the forested Logoman site (Fig. 5a ). This situation is followed by an increased value from Sigotik to the Confluence. There is some relatively intact forest along the stream valley in this stretch of the river.
It is noted that low phosphate and nitrate levels were recoded at sampling sites in the stretch of the stream between Bora Milk and Njoro Bridge (Fig. 5b) . This is likely a consequence of the undisturbed dense riparian forest and in-stream vegetation in this part of the River Njoro. The slope of the landscape in this stretch of the river is gentle, in contrast to the upstream fast-flowing reaches. Thus, this slow water flow allows for a longer interaction time between phosphorus loads reaching the stream, stream bed sediments and biota. The nutrient loss can occur as a result of adsorption to soil particles, and their subsequent sedimentation. Furthermore, this stretch is surrounded by large-scale farms that pump water from the river and boreholes, thereby reducing the need for frequent visits to the river by people and livestock. This facilitates the development of vegetation along the riparian corridor, consisting of terrestrial and aquatic macrophyte plants (e.g. Potamageton sp. Typha latifoli, Phragmites australis, Cyperus papyrus). These plants are known to have a cleaning effect on nutrient-rich waters (e.g. Garcia-Cabellos et al. 2005; Harrington 2005) . The plants are used in constructed wetlands for wastewater treatment. An intact riparian zone also can serve to retain nutrients from the large-scale farms surrounding the river, thereby significantly reducing the nutrient contributions from the arable land. Riparian forests adjacent to surface waters have been shown to reduce nutrients from agricultural run-off (Tiessen 1995) .
There are significant positive relationships between the phosphorus loss and the proportion of land-cover area of mixed small-scale agriculture (R 2 = 0.5602) in the River Njoro watershed (Fig. 6 ). This indicates that the major source of phosphorus contamination of stream water is from small-scale agricultural non-point sources. There is also a positive relationship (R 2 = 0.5464) between the phosphorus loss and the proportion of land-cover area of bare land (Fig. 7) . The mixed small-scale agriculture and bare land together contribute over 55% of the phosphorus load, on average, to the upper and mid-reaches of the River Njoro. In contrast, Figures 8-10 illustrate negative relationships, respectively, between the phosphorus loss and the percentage land-cover areas of large-scale agriculture (R 2 = 0.2302), plantation forest (R 2 = 0.0114) and indigenous forest (R 2 = 0.2184). These findings demonstrate that the greater the percentage of large-scale agriculture, plantation forest, and indigenous forest land cover, the lower the phosphorus loss from the subwatershed. Similar observations were reported by Lopez and Nash (2006) , who demonstrated that the percentage barren land enhances the total phosphorus in surface water and forest-related variables contribute equally, with a negative effect on the total phosphorus. These study results indicate that the sizes of the subwatersheds account for about 53% of the variability in the soluble phosphorus in the River Njoro (Fig. 11) , implying that the larger the size of the subwatershed, the greater the phosphorus contribution to the river water.
CONCLUSIONS
These study results generally support research findings on nutrient and sediment transport within small watersheds with forest or grass buffer areas, between disturbed uplands. Rivers serve both as integrators of landscape characteristics and as recipients of pollutants from the atmosphere and the landscape. The proportions of different land uses within a watershed can account for some of the variability in river water quality. As the proportion of disturbed land cover, such as mixed small-scale agriculture and bare land cover, increases, for example, so does the quantity of phosphorus in the River Njoro. Furthermore, the larger the size of the subwatershed, the greater the quantity of phosphorus generated from it. Thus, landuse proportions are important for characterizing and modelling water quality in the watershed. Upland land uses are as important as near-stream land uses. The study demonstrates that large-scale agriculture, plantation forest, and indigenous forest cover reduce the phosphorus loss from the watershed. Riparian vegetation (forests, macrophytes) influences the channel form and stream function by contributing particulate organic matter and large woody debris; by providing shade; bank stability; sinks for organic matter; sediment; and by regulating nutrient movement and transformation. 
